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PREFACE 
India has complex ethnic history and different climatic and 
ecological zones; it offers a rich field for the study of genetic 
differentiation process in man, and also for the analysis of factors 
responsible for considerable genetic variability seen among its various 
populations (Bhasin, 2002). It has almost all major racial groups of 
mankind (Roychoudhary, 1983). Multiple waves of migration came to 
India during prehistoric and historic times and the subsequent cultural 
differentiation resulting in strict rules governing mating practices are two 
of the major causes of the genomic diversity observed among 
contemporary ethnic populations of India (Majumdar, 2001). 
Muslims in India comprise more than 12% (Shariff, 1998) of the 
population and they exhibit diversity of linguistic and ethnic groups 
belonging to different biradaris (so-called castes), besides few tribes. The 
distribution of Muslims in different states shows that the highest number 
is found in Uttar Pradesh which can also be said to be the Central Part of 
the North Indian Muslims (Badarruddoza, 1992). The Muslims originated 
in one of the two ways (a) groups came and settled during the historic 
migrations and invasions (b) another group is believed to be formed 
11 
through the process of proselytization of the indigenous Hindu population 
of comparatively lower and middle order in the prevailing caste hierarchy 
besides sections of a few tribes living in the fringe area of caste 
dominated regions (Roychaudhary et al., 2000). Muslims belong to two 
major sects: Sunnis and Shias, each sect has different groups, which are 
grouped under Ashraf and Ajlaf (Ansari, 1959). The Ashrafs comprise 
higher rank Muslims like Syeds, Sheikhs, Pathans and Mughals, while the 
Ajlaf comprise the Qureshis, Ansaris and other groups of lower 
occupation (Ahmad, 1978). A large number of the latter may also have 
been converted from local indigenous populations of other faiths (Afzal, 
1984). While the Muslim conquerors from the North, West though 
numerically a minority group, is almost left untouched because of some 
unexplained reasons. Few studies have been attempted (Rizvi, 1984; 
Hakim, 1971; Chahal et al., 1989; Aarzoo and Afzal, 2004) or these have 
been studied as a part of local Hindu and Muslim populations. The 
prevalence of cousin marriages among Muslims, has attracted many 
scholars who are engaged in the study of biological consequences of 
inbreeding (Afzal and Sinha, 1983; Badaruddoza, 1992; Bittles 2001, 
2002) but no systematic attempt has ever been made to study the genetic 
characteristics and ethnic affiliations of this population using detailed 
protein and enzyme markers in large and mainstream populations which 
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are composed of numerous endogamous, isolated and culturally divergent 
groups. 
In the present work, an attempt has been made to study the genetic 
polymorphism of various genetic markers like ABO, Rh and PTC taste 
ability among different endogamous groups of Muslim populations, 
namely: Syed, Sheikh, Pathan, Qureshi, Ansari and Shia. 
The present study is a preliminary finding of the major work to be 
done on genetic structure and fitness of Muslims of Uttar Pradesh (North 
India). The region is well-known for its socio-religious and cultural 
significance, particularly due to the location of the institution of modem 
learning called Aligarh Muslim University. While the residential colonies 
of the teaching community may have elite women or Ashraf showing 
lower fertility, the lower class i.e. Ajlaf are Muslim women of the 
original city who have higher fertility rate. This area is educationally 
neglected and lacks enlightenment (Aarzoo and Afzal, 2005). A 
comparison with women of the university residential colonies could be 
informative. The present work was conducted while reporting the gene 
diversity, so the data are limited. Nevertheless, they show us some light 
on the demographic trend in the population. Human populations under 
varying conditions experience micro-evolutionary forces. It is important 
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to note how a particular population has successfully produced progeny for 
perpetuation of its own kind (Ahuja and Neel, 1985). 
Muslim populations in India have been a neglected group of study 
mainly because of their minority status and wide socio-cultural diversity. 
Few studies have reported the biology of Muslims in a some parts of the 
countries, reported as a footnote to the Hindu populations being surveyed. 
No systematic and compact account exists either of genetic studies, 
genetic disorders or consanguinity. Our team has been engaged in 
studying this problem for the last two decades. 
The present work is an account of selection intensity and gene 
diversity of various populations of Aligarh, mainly the civil lines and the 
attending of subjects in the Community Medicine Centre of Aligarh 
Muslim University, Aligarh. Although the survey is based on 
retrospective and smaller sample size, nevertheless, it brings out some 
major features of the biology of these groups. The candidate has carried 
out the work with great patience and sincerity, and the findings can guide 
us toward greater study of the population in future. This study also shows 
a rather low socioeconomic status of the group as shown in the biological 
features. 
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INTRODUCTION 
Reproductive fitness: 
Reproductive behaviour of a population is a major attribute of its 
lifecycle and it affects the overall demographic pattern of the population 
(Badaruddoza, 1991). As a matter of fact, it can be studied in a number of 
ways, the physiological and psychological factors, the socioeconomic and 
demographic features, and finally, the demogenetic aspects (Bougarts, 
1978). The latter (Fisher 1930) is better studied at the population level 
mainly, in two ways - the reproductive performance and the reproductive 
fitness. The reproductive performance includes all the facets of 
reproductive cycle from menarche to menopause, estimating the rates of 
conceptions, foetal loss, neonatal and juvenile deaths etc. Reproductive 
fitness, on the other hand, is best studied by taking together a number of 
parameters like the mean number of offspring produced, pre-adolescent 
mortality rate, sex ratio and the rate of selection intensity. The important 
characteristics of these parameters are described below: 
Fertility: 
Natural fertility has been defined by Henry (1961) as the fertility 
that exists in the absence of deliberate use of birth control measures. 
Some studies have shown that there is a negative correlation between the 
fertility and the education of spouses (Rele and Kantikar, 1974; Ritchey, 
1975). There is also a different fertility rate for the different world 
populations (Young, 1971). 
Mortality: 
The death of any individual prior to its attaining reproducing age 
depends upon various factors such as climate, availability of food, 
occurrence of epidemics, genetic background (Armendares, 1974). 
Mortality rate also depends upon the education of mother. It is inversely 
correlated with the socioeconomic status of the population (Singh 1974). 
For any population mortality rate is directly related with improved 
medical care. 
Secondary sex ratio: 
The ratio of males to females observed at birth is called secondary 
sex ratio. It is defined as the number of males per hundred females. 
Secondary sex ratio is found about 106 among American whites (Stem 
1973; McKusick 1978). Among Indians, it ranges fi-om 103 to 124 in 
various groups (Pakrasi 1975; Ansari 1980; Ansari and Sinha 1978; Sinha 
1982). 
Selection Intensity: 
One of the major evolutionary factors is selection that brings 
changes in the gene frequency in a population. Its intensity in various 
populations has been calculated by many workers (Crow 1958; Basu 
1967; Ghosh 1970; Cavalli-Sforza and Bodmer 1971; Talukdar 1971; 
Johnston and Kensinger 1971; Barua 1976; Lall and Sinha 1978; 
Ranganayaki and Injeti 1981; Sinha 1982; Ansari and Sinha 1983). 
Population components are considered important not only in 
studying the population structure and trends but also in measuring micro 
evolutionary dynamics. Two major forces of Natural Selection, 
differential fertility and mortality, are responsible for changes in the gene 
jfrequencies in a population and selection intensity is a measure of the 
fitness of a population as expressed by the ongoing patterns of differential 
fertility and mortality combined in a particular manner. Cavalli-Sforza 
and Bodmer (1971) suggested that index of total selection (I) might be 
considered as an index of'opportunity for selection'. 
The index of opportunity for selection measures the maximum 
potential rate of change by selection, where zero indicates no change 
(Livingstone and Spuhler, 1965). An indirect method for computing the 
index of total selection based on the maximum amount of differential 
fertility and mortality in a population was formulated by Crow (1958) and 
modified by Johnston and Kensinger (1971) to incorporate the embryonic 
mortality component. 
The measurement of Natural Selection involves the chances of 
survival and reproduction of individuals that have different genotypes. It 
is identified by the fertility and mortality rates of different genotypes. The 
rate of evolution i.e. geometric rate of increase in the fitness depends on 
the available amount of genetic variation in fitness. In human 
populations, the fitness, of individuals can be estimated from their 
number of successful offspring. If there is no genetic variation in fitness 
there can be no differential selection and hence, in general, no significant 
evolutionary change in the genetic content of a population. According to 
Fisher's "Fundamental theorem of natural selection", the rate of increase 
of fitness of any organism at any time is equal to its genetic variation in 
fitness at that time. In this context differences in fertility and mortality 
levels in various groups in a population are of great significance in 
understanding the structure of the population. Changing fertility and 
mortality patterns due to modernizing forces leading to socioeconomic 
and demographic changes have a profound effect on the opportunity for 
natural selection in human populations. 
Crow's index facilitates quantitative estimation of selective 
pressure, provided the reproductive pattern of a population is known. This 
index refers to the total amount of selection and consists of two 
components - the mortality component (Im) and the fertility component 
(If). It measures the proportion by which fitness would increase with 
specific birth and death rates if they were all selective and heritability of 
fitness were complete. However, several factors such as physical, 
socioeconomic and cultural factors influence the fertility and mortality. 
Hence this index should be considered as the upper limit for the potential 
action of natural selection. Accordingly this index was renamed as "Total 
Index of Opportunity for Natural Selection." 
17 
history of serology. Individuals are classified as Rh-positive and Rh-
negative, according to the presence or the absence of the major D antigen 
on the surface of their erythrocytes. By southern blot analysis. Colin et al. 
(1991) showed that the Rh 'locus' is composed of two homologous 
structural genes, one encoding the RhD polypeptide and the other 
encoding both the Cc and Ee polypeptides. Le Van Kim et al. (1992) 
cloned cDNAs for representing the RhD gene. Arce et al. (1993) 
demonstrated that DNA testing can be used to determine RhD type in 
chorionic villus samples. Carton (1994) provided a comprehensive review 
of the molecular genetics of the Rh blood groups antigens. These antigens 
are carried by a family of non-glycosylated hydrophobic transmembrane 
proteins of 30 to 32 KD, which are missing from the red cells of rare Rh-
nuU individuals. Innan (2003) theorized that the pattern of allele variation 
in duplicated genes is determined mainly by the balance between gene 
conversion, which operates against diversification of the duplicated genes 
and is determined mainly by the balance between gene conversion, which 
operates against diversification of the duplicated gene, and selection, 
which favours diversification. Innan (2003) applied this theory to the 
human RhCE and RhD genes. Huang et al. (1996) used as set of Sphl 
RELPs that are tightly linked with the Rh structural genes to demonstrate 
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MATERIALS AND METHODS 
The survey is based on the sample of women attending primary 
health center of the Preventive and Social Medicine Department of J.N. 
Medical College and Hospital for medical aid and health statistics. The 
women usually came from lower middle class muslim households and 
some non-muslims belonging to Civil Lines, Jamalpur, Hamdard, Nagar, 
Badar Bagh, Chungi and Fort areas. This may slightly differ from direct 
household survey of women in different areas and distance from primary 
health center may affect women attending the primary health center. 
Biradaris, sects, age and sex status of the individuals were noted and 
pedigrees were drawn. Death and abortions were included and disease of 
any type was also noted. A master chart was drawn from the information 
given in the proforma, frequency tallies were made, and tables for 
calculation of mean mode, median, deviation and standard error were 
drawn for age of the parents and fertility, mortality and secondary sex 
ratio including selection intensity were calculated. The results are 
presented. 
We, thus, studied the following parameters. 
1. Marriage incidence, mean marital age of father, mother and the 
combined age. 
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2. Fertility, mortality and secondary sex ratio of offspring. 
3. Gene frequency study of ABO, Rh blood groups and PTC taste 
ability. 
Samples: The sampling of individuals was done with respect to the 
following factors. 
(i) Caste (biradari): 
Ashraf (Syed, Sheikh, Pathan and Shia-Syed) 
Ajlaf (Qureshi, Ansari and other groups) 
(ii) Consanguinity: This was not possible to be studied as the women 
were unable to give exact genetic relationship for pedigree 
construction. 
(iii) Age of the parents: Women blow 45 years and above 45 years of 
age separated for the fertility study. 
(iv) Pedigrees: For specific diseases and was not studied. 
POPULATION SURVEYED 
Area: 
The Aligarh city in Uttar Pradesh (U.P.) is situated between 
latitude 27^28' and 28"10' north, and longitude 1T29' and 78°36' east. 
The total area is 34.05 km^. Aligarh has almost a dry climate throughout 
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Map showing location of Aligarh city in Uttar Pradesh (India) 
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the year. During the winter, temperature is very low though frost is not of 
frequent occurrence, or of great intensity, the mean temperature in 
December and January, the coldest month, is 8°C. The summer is 
decidedly hot. The maximum temperature of the district is 44°C. The 
district receives normal annual rainfall of 594.1 mms. The location of 
Aligarh in Uttar Pradesh (India) is shown in the map (Plate-I). 
People: 
The population of Aligarh (2,990,388 Census of India, 2001) 
comprises of Hindus Muslims and Christians, there being no fewer than 
64 castes among Hindus (Nevill, 1926). The Balmikies are numerically 
the strongest caste, they are tanners by tradition. The second place is 
taken by Brahmins, the highest place in the Hindu social scale and they 
are landlords and cultivators by occupation. The Jats are more numerous 
here than in any other district and are believed to be of caucasoid stock, 
on the basis of morphological characters. Hindu Banias are very 
numerous in all parts of the district, they are a very wealthy community. 
Ethnographic accounts exist for a large number of communities and most 
of them recall their migration from the North-West to their present 
habitat. The Bania society is a stratified one. They practise endogamy at 
the community level. Monogamy is the form generally favored. They are 
mostly engaged in business, trade and industry. 
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The Muslims of Aligarh city are predominantly Sunnis, though a 
considerable number of Shias are also there. Among the Sunnis 
approximately one fourth of the population is Syed, Sheikh, Moghal and 
Pathan, while three fourth belong to various lower castes. 
Syed: 
They hold the foremost position among the four classes of Muslims 
(Singh, 1998). They are spread over one hundred thirty one districts of 
the country. The Syeds are considered the progeny of the Prophet 
Mohammad (pbuh) through his daughter Syed-un-Nisha Fatima Zehra 
and her husband Syedna Ali Murtaza. Crooke (1986) states that many of 
Syeds came with the early Mohammadan invaders and asserted priestly 
claims which were in many cases rewarded with gifts of revenue and free 
land which their descendants still enjoy. The Syeds in UP are distributed 
throughout the state. They are divided into a number of generic and 
territorial groups, such as Alvi, Hussaini, Abidi, Baqari, Jafri, Naqvi, 
Rizvi, Bukhari, Bilgrami, Abbasi and Jalali. Social divisions among the 
Syed exist on the basis of the territory, sect and economic status. Social 
differentiation regulates marriage alliances. They are an endogamous 
community. They are zemindars and taluqdars in rural areas but in urban 
areas, they are priest, men of letters and teachers. 
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Sheikh: 
The word Sheikh in Arabic language connotes a person who does 
justice. According to another account the name is applied to the persons 
of pure Arabic descent, but it has also been adopted by the convert from 
Hindu communities (Ahmad, 1978). The Sheikhs have many sub-
divisions, they include Abbasi, Faruqi, Hashmi, Kidwai, Siddiqui, 
Sulemani and so on. According to the 1931 census, the population of 
Sheikh in the united province of Agra and Oudh was 1,592,063. The 
community comprises both the Shia and Sunni sects. Differentiation is on 
the basis of Ashraf and non-Ashraf status which regulate their marriage 
alliances. Endogamy at the community and sect level is practiced. The 
traditional and primary occupation of the Sheikh is cultivation. They rear 
buffaloes, cows and goats too. Business, trade, weaving, government 
service wood work and masonry are some other of their livelihood 
occupations. 
Pathan: 
There has been much controversy regarding the origin of the term 
Pathan. Crooke (1986) quoting Dr. Bellow, states that the Pathan is a 
Hindustani form of the native word 'Pukhtana' which is probably the 
plural of the word Pukhtan. Pukhtan refers to the people who inhabit the 
country called 'Pukhtunkhwa' and speak the pukhta or pukhto language. 
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According to the Pathan narration, their ancestors migrated from 
Afghanistan and worked as defenders of forts in the hills during the 
regime of Maharaja Ranjit Singh and claimed the stock of Moghal Pathan 
and Kabuli Pathan. At present they are distributed over seventy four 
districts of India. Of the many different clans, the chief are the Ghoris, the 
Yusufzias, the Sherwanis, the Lodhis, the Mohammadozars of Khair and 
the Afridis. Marriage alliances are preferred within the sub-group. 
Consanguineous marriage between parallel and cross cousins are 
prevalent. Endogamy is the general practice, but polygamy does occurs. 
The main occupation of Pathan is agriculture while business is their 
subsidiary occupation. They belong to the Sunni sect of Islam, 
Qureshi: 
In the 'Surnathul Khuresh', Mohammad points out that Khureshi is 
the name of a dynasty Mufti Md. Shafi mentions in the book 'Mariful 
Quran' that Hazrat Ibrahim had two sons namely Ishaq and Ismail, the 
descendants of Ismail are Qureshi and traditionally the Khasab are 
butchers. In the Madras census report 1901, as quoted by Thurston 
(1909), the name Qureshi was returned as a territorial name by the 
Muslims of Qureshi being a village in Arabia and also one of the 
subdivisions of the Mavayat tribe. The original Quresh arc counted as 
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(fourth calipha) who married the Prophet's daughters Fatima. A Syed, 
thus, commands respect from all Muslims and occupied the apex of the 
social ranks. The present Shia community of Aligarh may be traced to the 
early Jagirdars of Uttar Pradesh. Syed Shias are divided into fourteen 
"Khandans" or lineages which trace their descent from the Imams of the 
family of Ali. Syed Shias generally composed of 10 groups i.e. Abidi, 
Askari, Alvi, Hussaini, Fatmi, Kazimi, Naqvi, Rizvi, Jafri and Zaidi. It 
was further observed that all these groups except the Zaidi and Fatmi 
were believers of 12 Imams and they were collectively called Ishna-
ashriyya. But the Zaidis and Fatmis believed in 14 and one Imam, 
respectively. Each Khandan tries to maintain its identity by marrying 
within the Khandan i.e. Rizvi and Rizvi, Naqvi and Naqvi marriages are 
highest; but intermarriages of the Khandan (specially within the Ishna-
ashriyya group) are also common i.e. Rizvi and Naqvi, Rizvi and Kazimi, 
Kazimi and Naqvi. One feature which is of high social significance is the 
total absence of intermarriages between Syed and non-Syed, Syed Shias 
have been observed to be strictly endogamous in nature. 
Laboratory methods: 
The survey was conducted from May 2005 to December 2005 for 
ABO, Rh, PTC taste-ability were studied from the period May 2005 to 
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could not taste any solution including 14, then he or she was designated 
as a non-taster. Information on caste, age, sex and the solution number 
was recorded. Pedigrees were drawn for determining the inbreeding status 
of individuals and only the non-inbred individuals were selected for 
study. 
ABO and Rh group (Race and Sanger 1968): 
Slide agglutination method was followed. Clean slides were 
marked as A, B and as positive. One drop each of the antisera A, B and 
Rh was put on each slide. The finger of the individual was punctured after 
alcohol wash, and a drop was put on each antisera and reaction noticed. 
Agglutination with anti A, showed A group, with anti-B showed the B 
group, with both A and B, it showed AB and with neither of these showed 
O groups. Similarly, agglutination with anti D showed Rh+ve, and no 
agglutination meant Rh-ve status. In case of doubt, microscope was used 
to see agglutination. The frequency of A, B, O, AB and D phenotypes 
were determined in different populations. No sub-typing of A and B 
group was done. 
Statistical Analysis: 
The unit of study in population genetics is gene rather than 
genotype or phenotype. Thus, to characterize the present population 
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groups from the Aligarh, phenotype data, after applying the chi-square 
tests, were reduced to allele frequency data for estimation of measures of 
genie variation, genetic differentiation and genetic distance. 
Allele frequency calculations 
(a) Estimation of autosomal gene frequencies: 
Gene frequency of PTC taste ability, Rh blood group, was 
computed by Hardy Weinberg law. If the alleles for normal genotype are 
represented as AA and the alleles for rare homozygote as, according to 
the Hardy-Weinberg law, the frequency of the homozygotes aa is q^  and 
the frequency of the other two genotypes are p^ and 2pq respectively. 
(b) (LstiiiKiUoii of iiiiiUiplc allele frequencies: 
Gene frequencies of ABO blood group was obtained by the 
following formula (Race and Sanger, 1975). 
I° = 0 + f)(^(O + f ) ) 
r = (i + | ) ( i -V(o+B)) 
l '= ( l+f ) ( l -V(0+A)) 
'D' is deviation from unity and it is 
D = V(0) + (A) + V(0) + (B) - 7(0) - 1 
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The Chi-square test: 
The chi-square test for goodness of fit was applied to test 
significance of deviations between the observed and expected phenotype 
numbers. 
^, . / 2x v (Number expected - Number observed)^  
Chi - square (x ) =2^ ^ r:—r ri 
Number expected 
The contingency chi-square test was performed for inter population 
comparisons. 
Measure of genie variation (Heterozygosity): 
Heterozygosity, a measure of genie variation is designed to give a 
compound value of variabilities in allele frequencies at various loci in a 
population. Heterozygosity (H) at a locus is defined by Nei (1973) as 
follows: 
H = 1 - j ; x i ' 
where 
Xi = frequency of the i"^  allele 
The average heterozygosity (H) is the average of H over all loci 
studies. 
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Measures of genetic differentiation: 
A commonly used measure of genie variability among local 
populations with respect to known gene frequencies is a set of measures 
given by Nei (1973). 
Nei's measure of gene diversity: 
Nei (1973) showed that the gene diversity of the total population 
(HT) can be partitioned into two components i.e. intra sub populational 
gene diversity (Hs) and inter sub populational gene diversity (DST) 
By taking the average gene frequencies of all sub populations, as 
representative of the total population, the gene diversity (Hj) can be 
calculated. The average gene diversity of all sub populations yields gene 
diversity within sub populations (Hs). The difference of these two values 
gives gene diversity between sub populations (DST). The absolute 
differentiation among sub populations is measured by DST, while the gene 
differentiation relative to the total population is increased by GST- Thus, 
G = ^^ 
^'' HT 
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Nei's measure of genetic distance (D): 
The genetic relationships among the present population groups 
have been assessed using the measure of genetic distance (D) proposed 
by Nei (1972). D measures the accumulated allele differences per locus or 
codon differences per unit length of DNA. 
Consider two randomly mating diploid populations X and Y in 
which multiple allele segregate at the j * locus. Let Xi and Yi be the 
frequencies of the i allele in X and Y respectively. The probability of 
identity of two randomly chosen genes is jx = ]^ XiMn population X, 
while it is jy = Y^Yi^ in population Y. Thus probability of identity of a 
gene from X and a gene from Y is j^^ = J] xji. 
The normalized identity (I) of genes between X and Y with respect 
to this locus is given as follows 
This quantity is unity when two populations have same alleles in 
identical frequencies. While it is zero when they have no common alleles. 
The normalized identity of gene between X and Y with respect to all loci 
is defined as followed: 
33 
Jx, Jy and Jxy are the arithmetic means of jx, jy and jxy respectively 
over all loci, including monomorphic loci. 
The genetic distance (D) between x and y populations is then 
defined as follows: 
D = - Inl 
Dendrogram was drawn as per UPGMA clustering method using phylip 
(V3.63)(Felsenstein,'1993). 
S4 
RESULTS 
Marriage incidence: 
A total of 304 married women were surveyed out of which 
majority (81.6%) came from below 45 years of age while only 56 (i.e. 
18.4%) came from above 45 years of age. Again, biradari wise 
distribution shows Ashrafs to contribute 48% to 54% in the above 45 and 
below 45 years of age groups respectively, while the Ajlaf shows the 
reverse trend i.e. 51% and 46%. Ashraf mothers in total contribute to 
53% as compared to 46% by Ajlaf (Table 1). Among Ashraf mothers, 
Syeds are highest for all the age groups (24%) while Pathans are highest 
in above 45 years of age (19%), again among Ajlafs, Ansaris dominate in 
all age group and Qureshis follow the same in above 45 years of age 
groups. The lower percentage in late age group is mainly the result of 
higher mortality of women in the Indian subcontinent, an indicator of 
underdeveloped country for the lower socioeconomic status. Information 
regarding consanguinity was not available as the official record did not 
mention it. 
Fertility: 
The number of offspring produced were recorded against each 
mother and frequency tables were prepared (Appendices Al-AlO; Fig. 
Table-1: Distribution of mothers in different populations of ages for 
reproductive fitness study. 
Populations Above 45 Below 45 Total 
N-56 %±SE N=248 %±SE N=304 %±SE 
Syed 10 17.86±2.20 63 25.40±2.30 73 24.0112.45 
Sheikh 6 10.71+1.77 36 14.52±2.02 42 13.82±1.98 
Pathan 11 19.6412.28 36 14.5212.02 47 15.4612.07 
Qureshi 11 19.6412.28 38 15.3212.07 49 16.1212.10 
Ansari 10 17.86+2.20 62 25.0012.48 72 25.6812.40 
Saifi 8 14.2912.01 13 5.2411.28 21 6.9111.46 
Ashraf 27 48.2112.86 135 54.4412.85 162 53.2912.86 
Ajlaf 29 51.7912.86 113 45.5612.85 142 46.7112.86 
Combined 56 18.4212.22 248 81.5712.27 304 100.010.00 
35 
11-13). The range, mean, mode, variance, standard deviation and error 
are recorded (Table 11). 
Range: 
The range of children for all women is zero to 12, for after 45 
years, it is 1 to 12, there being no sterility or infertility. For Ashrafs, the 
range is from 0 to 11 while for Ajlaf it is 1 to 12 (Table 11). The lack of 
infertility among Ajlaf may speak of higher fertility trend among them. 
The total absence of infertile women in above 45 years of age may be 
also due to a smaller number of range as compared to the lower age group 
women with higher sample size. 
Mean: 
The mean number of children per mother is higher, i.e., 6.46 for 
'above' group, as compared to 3.82 among 'below' group, while the 
combined figure is about 5 (Table 11). Ajlafs again score 'above' the 
Ashrafs in all age groups. The highest value in above category is for 
Qureshi (7.0) and for Saifi (5.71). Lowest mean is for Sheikh (5.33) for 
'above', and lowest for Qureshi (4.08) for combined. Lowest fertility is 
for Syed (4.69) 
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Tablc-9: yC difference in secondju7 sex ratio for different groups (calculated 
from SSR). 
Age 
Above (45) 
Below (45) 
Combined 
Ashraf-Ajlaf 
Above (45) 
Below (45) 
Combined 
x' 
8.411 
195 
1.91 
0.96 
0.113 
0 
Degree of freedom 
11 
11 
11 
3 
3 
Table-10: % difference in secondary sex ratio on the male and female offspring 
produced of groups 
Age y^ df P 
Above (45) 2.69 11 < 0.9941 
Below (45) 3.621 11 < 0.979708 
Combined 2.753 11 < 0.9935 
Ashraf-Ajlaf 
Above (45) 0.714 3 < 0.870 
Below (45) 0.5043 3 < 0.9179 
Combined 1.0619 3 < 0.7862 
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The modal value is higher for 'above' i.e. 5 to 'below' i.e., 3. 
Again, mode is 6, highest, for Ajlafs (Table 11). 
Median: 
Median values range from 5.5 to 6 for Ashraf and 5 to 7.0 among 
Ajlafs (Table 11). 
Variance: Variance is higher for 'above' group (7.0) than 'low group', 
4.4 to 5.9 (Table 11). 
tdif: 
The comparison of fertility for different variables i.e., age of 
mothers, sex of the child bom and biradari (Ashraf and Ajlaf) is very 
interesting. The tdiff values in mean fertility for male and female child is 
non-significant for all populations (Table 13) and for ages above and 
below mean fertility difference is non-significant except for Sheikh and 
Pathan. Obviously, age does affect fertility. The inter-population 
differences are non-significant for all cases except for Qureshis, who 
show significant differences with Sheikh, Syed and Pathan among the 
number of male children for women of all age group and, also, from Saifi 
and Ansari. The Saifi also show significant difference with Ansari. No 
significant difference is found among number of female children. 
Table-13: t-diff table for fertility in different populations. 
Biradari MXF AXB 
Syed 
Sheikh 
Pathan 
Qureshi 
Ansari 
Saifi 
Ashraf 
Ajlaf 
Combined 
0.9540 
0.3179 
1.2820 
2.6320 
1.4540 
2.1100 
1.7320 
0.2236 
5.351 
2.552 
0.376 
1.948 
4.686 
2.055 
3.050 
3.180 
3.738 
6.906 
TablcH: tdiff values for different groups for fertility. 
Group 
Ashraf 
Ajlaf 
Combined 
Male 
Female 
Combined 
Above (45) 
Below (45) 
Combined 
AXB 
3.179 
3.738 
6.855 
3.319 
3.732 
6.855 
X 
MXF 
1.726 
0.223 
5.330 
X 
0.353 
1.207 
5.330 
Ashraf X Ajlaf 
X 
0.000 
0.466 
0.982 
0.347 
0.068 
0.982 
37 
ANOVA: 
The effect of age is significant on fertility of mothers for the 
Ashraf, the Ajlaf and for combined group, for male fertility and female 
fertility and combined fertility. This shows age of the mother to be a 
significant factor for contributing to fertility, while sex of the child or 
Ashraf vs Ajlaf do not hold much difference (Table 14). The factor 
analysis of fertility for age, sex and biradari shows age to be significant, 
while sex of the child and biradari do not show significant effect. Again 
the interaction of age and sex, age and biradari are significant while sex 
and biradari are insignificant. The interaction of age, sex and biradari are 
also significant (Table 15). 
Mortality: 
A total account of mortality is not possible without having idea of 
total number of pregnancies, live births, and net fertility, calculated per 
mother for any category. The average pregnancy per mother is higher, i.e. 
10.10 to 8.64 in women above 45 years of age as compared to 6.31 to 
4.68 in women lower the 45 years of age (Table 2 and 3; Fig. 7-9). 
Number of live birth per mother is also higher 10.10 for higher age than 
4.29 to 6.00 for lower age mothers. 
Table-15: ANOVA table for fertility for different groups. 
Source 
A1A2 
B1B2 
C,C2 
Interaction 
AXB 
AXC 
BXC 
AXBXC 
Within gps 
Df 
1 
1 
1 
1 
1 
1 
2 
6 
SS 
-14.13 
0.391 
-5.47 
14.00 
19.87 
5.349 
19.479 
7.3425 
MS 
-14.13 
0.391 
-5.47 
14.00 
19.87 
5.349 
9.739 
1.2237 
F 
-11.5469 
0.3195 
-4.47 
11.44 
16.23 
4.371 
7.958 
Ai - Age above 45 years, A2 Age below 45 years 
Bi - Male sex, B2 female sex, Cj Ashraf women, C2 Ajlaf women 
Table-16: ANOVA table for secondary sex ratio among the offspring. 
Source 
A,A2 
B1B2 
Interaction 
AXB 
Within 
group 
df 
1 
1 
1 
4 
SS 
140.08 
168.75 
270.75 
2849.34 
MS 
140.08 
168.75 
270.75 
712.335 
F 
0.1966 
0.2368 
0.3800 
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However, net fertility is lower for high age mothers i.e. 70,16% to 
low age mothers i.e. 91.11%. This speaks of a lower middle class socio-
economic condition among the populations (Table 2 and 3; Fig. 4). 
The average mortality per mother is 2.64%) significantly higher 
than the women of lower age is 0.45 per mother (Table 2 and 3; Fig. 3). 
The percent mortality for either sex and for offspring of different 
age, and populations has been shown in Table 6; Fig. 7-9. There is a 
higher mortality in offspring of higher age women; lowest among the age 
group, female mortality is lower among the female children whereas the 
Ashrafs have higher mortality than the Ajlaf. Among Ashraf, Sheikhs 
have highest mortality and Syeds have the lowest. Among Ajlafs, Ansaris 
have highest mortality and Qureshis have the lowest. Qureshis have 
lowest mortality in all age groups. 
Abortion index: 
The pattern of abortion index varies significantly. While Syeds 
have zero abortion in the above 45 years category, and 3 in below 45 
years mothers. Sheikhs have very high abortion index i.e. around 8 in 
both categories. Among Ajlafs, Ansari (above 45) and Qureshis (below 
45) have higher abortions. For all the age groups. Sheikhs and Qureshis 
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have higher abortion, and Ajlafs have higher abortion index (Table 5; Fig. 
5). 
Pre-reproductive mortality: 
The mortality index is higher in the offspring from mothers above 
45 years of age and Ashrafs have higher values. Sheikhs and Ansaris 
have higher mortality. In the offspring below 45 yeas of mothers, the 
Ashrafs have higher mortality. In the combined age, Pathan and Saifis 
have higher mortality among Ashraf and Ajlaf, respectively (Table 5; Fig. 
6). 
Secondary sex ratio: 
The number of male children bom per hundred female children is 
higher in higher age group i.e. 119 to 112 among lower age women 
among Ashraf, but lower (98.9 to 102.65) among Ajlaf. Again Ashrafs 
have higher SSR then the Ajlaf. The lowest SSR is for Sheikhs (88.24) 
and the highest for Syed (137, 120). The values are statistically 
significant (Table 7 and 8; Fig. 10). 
The X difference in SSR is significant for age (both above and 
below), but not for Ashraf and Ajlaf (Table 9 and 10). ANOVA for sex 
ratio is insignificant for age, sex and Ashraf Ajlaf factors. 
Table-18: x^  difference in mortality for different groups. 
Group Chi-squarc df P 
Male - Female 
Above 45 6.55 S 
Below 45 2.45 3 S 
Combined age 7.28 S 
Above 45 - Below 45 
Male 79.50 S 
Female 110.78 3 S 
Combined 168.14 S 
Ashraf-Ajlaf 
Male 1.002 NS 
Female 4.86 3 NS 
Combined 4.559 NS 
S = Significant 
NS = Non-Significant 
Table-19: ANOVA tabic for mortality among the offspring of different age 
groups. 
Source df SS MS F P 
A1A2 1 6362.23 6362.23 55.49 S 
B,B2 1 472.77 472.77 4.12 NS 
C1C2 1 334.51 334.51 2.92 NS 
Interaction 
AXB 1 836.16 836.16 7.29 S 
AXC 1 974.42 974.42 8.49 S 
BXC 1 6863.88 6863.88 59.86 S 
AXBXC 2 501.65 250.825 2.18 NS 
Within 6 687.96 114.66 
group 
A1-A2: Age; B1-B2: Sex of offspring; C1-C2: Ashraf-Ajlaf 
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Selection Intensity: 
For selection intensity, the Qureshis have lowest value among 
males (0.21) and Sheikhs have the highest (1.37) values for all the ages in 
above 45 years of age. In below 45 years of age, again Qureshis have 
lowest value (0.27) as compared to Sheikhs (0.8116) who have highest 
value (Table 20; Fig. 14-16). Again, females have higher selection 
intensity than the males, and Ashrafs have the higher values than the 
Ajlafs. This may be having some relation with the Ajlafs to belong to the 
indigenous group of people in India and hence to be more adapted. 
GENE DIVERSITY 
Market loci: 
ABO: The frequency of phenotypes for this marker for the entire group 
follow the trend, i.e. 0>B>A>AB. For the different populations, the 
Syeds show the trend, 0>A>B>AB, Pathans, B>AB>0>A; Sheikh 
0>B>A>AB; Ansari B>0>A>AB and Shia 0>A>B>AB (Table 22; Fig. 
17). The group O has highest frequency while AB has the least. For allele 
frequency f is highest, while T and l'' are almost similar for the entire 
group. For Syeds, the order is I°>I">l''; Pathan f>n^; Sheikh I°>r>l''; 
Ansari f>f>f; Shia iSf>l ' ' (Table 22; Fig. 18). The lowest percentage 
of AB may speak of some effect of inbreeding among muslims. 
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Tablc-21: ANOVA tabic for selection intensity offspring of different groups of 
women. 
Source 
A1A2 
B1B2 
C1C2 
Interaction 
AXB 
AXC 
BXC 
AXBXC 
Within group 
df 
1 
1 
1 
1 
1 
1 
2 
6 
SS 
4.4246 
4.7383 
4.6156 
-4.3373 
-4.1876 
-4.5013 
-8.9259 
0.6894 
MS 
4.4246 
4.7383 
4.6156 
-4.3373 
-4.1876 
-4.5013 
-4.4629 
0.1149 
F 
38.50 
41.238 
40.170 
-37.74 
-36.44 
-39.17 
-38.84 
A1A2: Women above and below 45 years of age. 
B1B2: Male and female offspring. 
C1C2: Ashraf and Ajlaf women. 
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Rh factor: 
The Rh-ve phenotype frequency is quite high 20.3% for combined; 
for Shias it is lowest, i.e. 12% which is closer to Syeds i.e. 13 % (Fig. 
19). The allelic frequency for combined group is 44%; again Syeds have 
lowest i.e. 36% and closer to Shias, i.e. 40%o (Table 23; Fig. 
20).Obviously the heterozygotes (Dd) are higher; the homozygous 
recessives (dd) are the least. The large Rh frequency needs to be further 
investigated using larger sample size, better antisera and closer 
observation. 
PTC: 
For phenyl thiocarbamide, the Shias and Qureshis, both 
cooperated, besides the Syeds, Pathans, Sheikhs and Ansaris. For the 
combined group, the tasters are 65% and non-tasters 35% (Table 26). 
The frequency of tasters varies from 60% among Qureshis to 70% 
among Sheikh. Similarly, the frequency of non-tasters vary from 30 
among Sheikh to 40% among Qureshis. The threshold value varies from 
7.30 among Shias to 7.92 among Ansaris (Table 26; Fig. 21). Sex does 
not seem to have any effect on frequencies or threshold values (Fig. 22). 
The frequency of allele T is 40% and that of t is 60% for the entire 
population. The value of T varies from 37% among Qureshis to 45% 
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TabIe-27: Alleles and genotype frequencies for different populations for PTC. 
Populations 
Syed 
(42M + 48F = 
90) 
Sheikh 
(48M + 62F = 
110) 
Puthan 
(116M + 
118F = 243) 
Qureshi 
(40M+18F = 
58) 
Aiisari 
(25M + 35F = 
60) 
Shia 
(173m+163t 
= 336) 
Combined 
Allele 
Genotype 
Allele 
Genotype 
Allele 
Genotype 
Allele 
Genotype 
Allele 
Genotype 
Allele 
Genotype 
Allele 
Genotype 
T 
t 
TT 
rt 
tt 
T 
t 
TT 
Tt 
tt 
T 
t 
TT 
Tt 
tt 
T 
t 
TT 
Tt 
tt 
T 
I 
TT 
Tt 
tt 
T 
t 
TT 
Tt 
tt 
T 
t 
TT 
Tt 
tt 
Male 
0.4654+0.167 
0.5345±0.016 
9 
21 
12 
0.4795±0.1676 
0.5204±0.0167 
11 
24 
13 
0.370210.0162 
0.6291 ±0.0162 
16 
54 
46 
0.3876±0.0163 
0.612410.0163 
6 
19 
15 
0.251710.0145 
0.748310.0145 
2 
9 
14 
0.396510.016 
0.603410.0164 
27 
83 
63 
0.391810.0163 
0.607610.01638 
71 
210 
163 
Female 
0.387610.0163 
0.612310.0163 
7 
23 
18 
0.432010.0166 
0.567910.0166 
12 
30 
20 
0.375610.0162 
0.624310.0162 
16 
56 
46 
0.33310.0518 
0.666710.0158 
2 
8 
8 
0.552310.0166 
0.447210.0166 
11 
17 
7 
0.45731170.0167 
0.542610.0167 
34 
81 
48 
0.422910.0165 
0.576810.0165 
82 
215 
147 
Total 
0.422710.0165 
0.577310.0165 
16 
44 
30 
0.452210.0167 
0.547710.0167 
23 
54 
33 
0.372910.01622 
0.627010.0162 
32 
110 
92 
0.370310.0162 
0.629710.0162 
8 
27 
23 
0.408310.016 
0.591610.016 
13 
26 
21 
0.425210.1658 
0.574710.0165 
61 
164 
111 
0.404110.0164 
0.591210.0164 
153 
425 
310 
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among Sheikhs. The sex wise difference in allele frequency for some 
populations may be due to smaller size (less than 100, Table 27; Fig. 23). 
For genotypes, the x^ differences are also non-significant except for 
Syeds and Sheikhs in case of Rh factor (Table 25). Again for 
hclcrozygosily, the differences seem to be non-significant (Tabic 30; Fig. 
24). The gene diversity indices show the intra- population (Hi) and inter 
population (Hs) indices to be high. The gene diversity between sub 
populations is low for ABO and PTC but high for Rh (Fig. 25). The 
coefficient of gene differentiation (Gsr) is highest for Rh and lowest for 
PTC, although the over all gene differentiation (pooled) is quite high 
(Table 31; Fig. 25). The gene frequency distributions of the population 
are allele. The % difference among population is non-significant. 
The X difference in allelic frequencies of different markers for 
different populations is non-significant (x^ = .0211, df 14, p = 0.999 for 
ABO; 0.5949, df = 9, P > 0.999 for Rh and 0.0211, df = 11, p < 1.00 for 
PTC, Table 29). This is because there is no strict caste system among 
muslims, only biradaris are there. 
Genetic distance: 
The genetic distance measures (Nei) in between population is not 
high (Table 32). It is higher between Syed and Pathan (0.1519) and 
Table-32: Nei's genetic distance (D) between different populations 
Populations 
compared 
Zaibi Zai •2 Zbi' D 
SyxP 1.1231 1.4803 1.154 .859 .1519 
SyxS 1.454 1.4803 1.474 0.9842 0.0158 
SyxA 1.4749 1.4803 1.5178 0.9839 0.01614 
SyxSh 1.476 1.4803 1.4763 0.9984 0.0015 
P x S 1.1906 1.1545 1.4742 0.9126 0.09136 
P x A 1.1717 1.1545 1.5182 0.8856 0.1214 
PxSh 1.1453 1.1545 1.476 0.8773 0.1309 
S x A 1.4753 1.4742 1.5182 0.9861 0.01389 
SxSh 1.4632 1.4742 1.476 0.992 0.008 
AxSh 1.4821 1.476 1.5182 0.99011 0.0099 
Sy -
P 
S 
A 
Sh 
Syed 
Palhan 
Sheikh 
Ansari 
Shia 
Table-33: Genetic distance matrix among different populations. 
Castes 
Syed 
Sheikh 
Pathan 
Ansari 
Shia 
Sycd 
X 
X 
X 
X 
X 
Sheikh 
.0158 
X 
X 
X 
X 
Pathan 
.1519 
.09136 
X 
X 
X 
Ansari 
.01614 
.01389 
.1214 
X 
X 
Shia 
.0015 
.008 
.1309 
.0099 
X 
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lowest for Syed and Shia (0.0015) (Table 33). The dendrogram 
constructed as per UGPMA method shows two groups the Syed Shia 
making a cluster to join with Sheikh (Plate-II) and the Pathan and Ansari 
to make a separate cluster to join with them. This shows Ansari and 
Pathan to be older population as compared to Ashraf. 
Sheikh 
Syed 
Shia 
Pathan 
Ansari 
PLATE II 
Dendrogram showing genetic relationship among different Muslim biradaris. 
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DISCUSSION 
Selection Intensity: 
Successful reproductive performances are never equal in each 
generation, due to various reasons. A number of socio-cultural and 
biological factors are responsible for variation in reproductive success. To 
study the influence of natural selection in human population has always 
been a challenging job (Deka and Ghoshmaulik, 1991). 
The total survey of a population will give information on the total 
size, the size of breeding population, the effective size inside the breeding 
population, the rate of admixture, the fertility performances and the 
mortality picture. 
As Drawinian fitness is exhibited by fertility performance, women 
are the most appropriate part to measure it. Male contribution is also 
equally important, but not the exact proportion, especially where 
polygyny is permissible and practised. Fitness of reproduction thus 
mainly depends on the female section of a population. 
The comparison of Ashraf and Ajlaf is very interesting. The 
Ashrafs are less fertile while the fertility rate is higher among Ajlafs. 
And, on the other hand, mortality rate among Ajlafs is lower than that of 
the Ashrafs also reported earlier (Aarzoo and Afzal, 2006). 
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There is a clear distinction between the different classes of society 
with respect to their present birth rate (Rodriguez and Cleland, 1981; 
Cleland, 1985). Marriage rate is now lower and the age at marriage is 
greater than a generation ago (Combs and Freedman, 1979; Anderson, 
1986; Watkins, 1986). The marriage rate among Ashraf is distinctly lower 
than in Ajlaf class, also the age at marriage is painly greater in the former 
than in the later. Marriages occur at a later age among Ashraf than among 
Ajlaf due to lower population size. Both marriage age and rate are 
important as they influence the birth rate (Luc et al., 1993; Vareac, 1993). 
It remains true that large families are nearly always begun early, so 
Ashraf produce smaller families than the Ajlaf. 
Reduction in fertility rate of Ashraf is attributable also to delayed 
marriage (Goyal, 1988) or due to lack of partners. The well-off classes 
have much smaller families than the poor. It may be argued that poverty 
is the result of large families. Ajlaf with low wages or irregular 
employment may also influence the number of children (Zafar et al., 
1995). In present case, the level of education and economic status do not 
vary and hence may not have significant effect on these parameters. 
Gene Diversity: 
The Indian population is divided into a large number of groups 
with different languages, religions, castes and tribes. Throughout the ages 
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many population groups have migrated toward India along northeastern 
and northwestern routes (Hunter 1897). A look at the ethnic history of 
India reveals that Indians belong to two different categories: the 
Dravidians (aborigines) and the Aryans or Sanskrit speaking group (with 
mixed groups known as the Musalmans). 
The caste system in India has its origin in the vema system, with its 
language, state and religious base; hence caste differentiation can be 
studied from these three points of views (Karve, 1961). In North India the 
state of Uttar Pradesh is historically important because of its old centers 
of population, learning and administration. 
Muslims of India make up more than 12% (Shariff, 1998) of the 
population and they belong to various linguistic and ethnic groups of 
different biradaris (so called castes), besides a few tribes. The Muslims 
originated in one of the two ways, one group came and settled during the 
various historic migrations and invasions. The other group is believed to 
have formed through proselytization of the indigenous Hindu population, 
which was of comparatively lower and middle order in the prevailing 
caste hierarchy, and of a few tribes living along the fringes of the caste 
dominated regions (Roychoudhury et al., 2000). 
Muslims belong to two major sects: Surmis and Shias, although 
each sect has different biradaris, which are grouped under Ashraf and 
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Ajlaf (Ansari, 1959). The Ashraf include higher rank Muslims such as 
Syed, Sheikh, Pathan and Mughal, whereas Ajlaf include the Qureshi, 
Ansari and other groups of lower occupations (Ahmad, 1978). A large 
number of Ajlaf may also be converts from local indigenous populations 
of other faiths (Afzal, 1984). 
The other Muslim castes are represented by the Qureshi, Saifi, Teli, 
Bhishti, Mewati, Alvi, Abbasi, and Rangrez besides the Lobar, Gujar, 
Julaha, Ahir, Faqir, Manihar, Dhobi and Rain. It is said that those who 
manufactured swords in the past were known as Saifi, because the word 
Saif in Arabic means "sword". They are traditionally carpenters and 
blacksmiths. 
Although Islam does not distinguish the groups on any material 
grounds, the groups, occupational and social isolation may have led to 
their differentiation over many generations, including the differences in 
their gene pools (Afzal, 2004). The study of the gene pools can throw 
some light on the origin, ancestry, health and morbidity status of the 
groups; for example, there might be either unknown rare mutations or 
else genetic polymorphism for particular markers (Kirk, 1985). It was 
with this aim that the present research was designed to study the genetic 
structure and the microdifferentiation of Muslim populations, including 
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their genetic distances and isolation. We report the genetic composition 
of the population of Aligarh. 
The endogamous groups of Muslims in different regions are 
heterogeneous with respect to the gene frequencies of ABO blood groups 
(Roychoudhury 1983). There are significant differences in allele 
frequency between different subgroups for this marker. The variation in 
frequency of the Rh negative gene (i.e. RhD) is 15-30% in the majority of 
the Indian population, compared to 35-45% in Europeans and 0-10% in 
Asian populations (Roychoudhury, 1983). In general the Rhd gene has a 
lower frequency in tribal groups and is almost lacking in some tribes of 
Bihar, Orissa, and South India. 
It would be interesting here to compare gene frequencies in our 
studies with other studies on Muslims. For the ABO blood group for 
Sunni Muslims from Madhya Pradesh has the following frequencies A, 
19.1%, B, 22.4%, and O 58.4% (Khan et al., 1985) which are close to our 
values, when pooled from all the Muslim populations (0.20, 0.21 and 
0.59) for the Ansari from Bihar the frequencies are 14.4%, 26.9% and 
58.4% respectively (Afzal and Sinha, 1983), which again are close to our 
values. We have studied the caste wise data for the ABO blood group i.e. 
for Syed the frequencies for A, B and O are 0.23, 0.18 and 0.59 and for 
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Pathan 0.28, 0.24 and 0.48, for Sheikh 0.21, 0.16, and 0.63, for Ansari 
0.08, 0.27 and 0.64 and for Shia 0.21, 0.18 and 0.61. 
For the Rh system the overall frequency for D and d are 80.71% 
and 19.29% respectively (Tyagi and Hamid, 1968) which compare to 
56% and 44%) in our case. This large frequency of recessive allele 'd' 
may be due to either to the hidden inbreeding in the population, or, a 
smaller sample size or may also be due to weak anti D antibody titre 
taken for assay. 
The caste-wise variation is available for three groups from 
Lucknow Sheikh, 85.8% and 14.2% (Srivastava, 1978), Pathan 75.5% 
and 24.5% (Srivastava, 1975) and Syed 69.5% and 30.5% (Srivastava, 
1975). These values are differ from our data from Aligarh. 
For PTC taste ability the overall frequency of allele t for Muslims 
is 51.3% (Srivastava, 1974) which is 59% in our case. For the Ansari 
from Bihar the frequency of the t allele is 71% (Afzal and Sinha, 1983) 
which is similar to the present study. 
Some differences reported here may be due to smaller population 
sizes for some population groups and need to be studied further. 
However, our results do shed some light on gene diversity and 
relationships of the groups. The differences in the ABO, Rh and PTC 
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systems may be due to selective pressure acting on these genes. Detailed 
studies with DNA markers and protein and enzyme loci are needed to 
establish the genetic structure of the populations. 
We have studied the patterns of gene differentiation between 
populations, the genetic distances and the relation of heterozygosity 
between populations. The extent of genetic divergence (GST) varies 
considerably from locus to locus. Gene diversity is the most important 
measure of genetic variability of a population and can be related to the 
number of codons different per locus (Nei, 1977). DST, that is the 
diversity between populations, is low because the caste system is not rigid 
in Muslims (they are not strictly reproductively isolated) and as a result, 
their gene are not differentiated from each other and so they share 
common alleles. The higher heterozygosity was observed ABO loci. I.e. 
0.5578 for all the biradaris whereas the lowest heterozygosity was seen in 
the PTC i.e. 0.4847. Thus PTC was the least differentiated locus and 
ABO was the most differentiation locus. 
Thus it appears that the differentiation with respect to various loci 
has been quite different in the populations. The pooled GST value over all 
loci (0.0353) gives an estimate of the degree of genetic differentiation 
present among different populations for ABO locus the heterozygosity is 
highest among Pathans i.e. 0.6342 and lowest among Ansaris i.e. 0.5055 
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and for Rh locus, highest among Pathans (0.7436) again and lowest 
among Syeds (0.4622). And for PTC locus highest among Sheikhs i.e. 
0.4956 and lowest among Pathans. 
The genetic distance between the Syed and Sheikh was the lowest 
(0.0015) and that between the Syed and Pathan was the highest (0.1519). 
thus, table 33 suggests a quite different genetic constitution of Pathan and 
Ansari compared to higher caste group i.e. Syed, Shia and Sheikh. The 
dendrogram shows that the Pathan and Ansari differentiated from other 
population groups. 
Meaningful conclusions about the genetic structure of the sub-
populations cannot be obtained unless a good number of loci are 
considered and even sample size can be increased further. 
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